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Abstract
A photo tube dew-point hygrometer is used for measuring humidity of respiratory gases,
which are in varying conditions. It makes it possible to make an accurate, precise, continuous
and automatic recording of the dew point of gas flows. The most notable features of this device
are: (1) Simplicity of calculating absolute humidity, since the humidity is indicated with dew point.
(2) Calibration is easy and reliable. (3) Performance is stable, and its operation and maintenance
are simple. (4) Indication is correct and unaffected by temperature. (5) There is good response to
any quick changes in humidity. (6) There is continuous and automatic recording of humidity, espe-
cially with simultaneous temperature measurements on the same paper. (7) Impurities such as the
vapors of organic substances or volatile agents do not affect the performance. Simple wiping can
eliminate the disturbance from mirror contamination. (8) The entire apparatus is on a cart and eas-
ily movable. This device provides a new method of studying the functional relationship between
humidity and various respiratory states, and it is hoped it will contribute much to physiological
and clinical investigations. The principle and structure of the “automatic D.P. hygrometer”, the
apparatus and method for practical hygrometry and obtained results are described and discussed.
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Humidity measurement has an important role in various fields of modern
science and industry. A number of attempts have been made to develop a method
of correct and prompt hygrometry. However, there are many difficulties, from
the physical and chemical properties of the water vapor itself, to be overcome
before a final solution of this problem is achieved. None of these is yet reliable
or convenient enough to meet requirements. This is the main reason why
qualitative studies on moisture content are much behind other kinds of de-
terminations in science. This is also true in medicine and biology, and an
efficient apparatus for precise hygrometry on various gases or air flows has been
greatly needed.
A hair hygrometer and a dry and wet bulb thermometer have been
commonly used for many years, but their use has been mainly limited to
measuring environment humidity. Recently several devices have been developed
to make quick, automatic or remote determinations of humidity under varied
specific conditions. An electric psychrometer, which uses a dry and wet
resistance thermometer1. 2; an electric hygrometer, using a moisture-sensitive
materials.4.6 (selenium or germanium); a hygrometer, making use of the change
of electric resistance of cellulose6; an electric dew-point indicator, using lithium
chloride (Dewcel(~)7;) etc. have been produced in Japan. Each has ad-
vantages and disadvantages, depending upon its particular purpose; but, for
a precise determination of humidity in respiratory gases, we need a device
capable of providing accurate, prompt and continuous recordings of the rapid
changes in gas flow.
Methods employed for this purpose in the past can be classified into the
following groups:
A. Determination of the moisture content by discontinuous sampling
1) Weighing absorbed water vapor by drying agents
2) Weighing frozen water vapor
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3) Determination of dew point
B. Determination of the moisture content by continuous sampling
1) Q-hygrometer
2) Thermoelectric psychrometer
The method given under A. 1) above; i. e. the absorption method, was
used most frequently. Galeotti (1914)8, Perwitzschky (1928)9, Crike (1931)10,
and Thauer (1954)11 used calcium chloride as a drying agent, but Bongards
(1926)12 and Moe (1941)13 pointed out that it does not absorb water as quickly
and thoroughly as required. Sulphuric acid was used instead by Aschenbrandt
(1886)14, Siebeck (1920)15, Moe (1941)13, Cole (1953)17, ect. Cole, in his first
paper16, reported on the use of silica gel, which has the disadvantage of
absorbing some carbon dioxide also. Christie (1932)18, Harashima (1951)19 and
Miyashita (1954)20 used phosphoropentoxide as a drying agent. Seely (1940)21
applied anhydrous magnesium perchorate for the same purpose. Method A. 2)
above was used by Burch (1945)22 and McCutchan (1950)23. They collected
water vapor with "freeze out" coils in a carbon-ice or methanol-dry ice bath.
The above t'Y0 are gravimetric methods (i. e. methods to determine the moisture
content by weighing) and can, in principle, be called standard methods for
measuring absolute humidity. However, from the standpoint of practical
application, these procedures are so complicated that some errors are unavoida-
ble. This is due to such factors as the difficulty in completely collecting all of
the water content, and the wide range of error in comparing what is actually
weighed with the weight of the substance to be determined. Also, it is impossible
to follow the rapidly changing humidity in expired gas flow continuously and
to keep continuous record of it with these methods.
Determination of the dew point is another advantageous approach to hygro-
metry, since the absolute humidity is directly and easily calculated from the dew
point. Christie and Loomis (1932)18 devised an interesting method for measuring
the dew point of expired air with a Pyrex flask, and pointed out that the
efficiency obtained with this method was superior to that with their gravimetric
method, using phosphoropentoxide. But, the dew point, determined by means
of reading temperatures on a bulb thermometer at the moment of observing
visually the appearance or disappearance of a mist, is subject, to a certain
extent, to errors due to slow response (large time-lag and slow temperature
gradient) and personal visual aberration. Also, continuous recording is
impossible with this rather primitive method. Attempts to overcome these
disadvantages and to develop an automatic dew point detector have been made
in both the United States and Japan. In the United States, Barrett et al.
(1951)24,25 developed such a detector, which is used mainly in the field of
meteorology. The detector developed in Japan, which has a D. C., instead of
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an A. C., amplifier as in the Barrett model, was orignally designed as an
industrial instrument by Sakate et al. (1953-)26-30 at Okayama University, and
has recently been used for many scientific and industrial purposes in Japan. This
new device, which is called an "automatic D. P. hygrometer", was applied to
the medical or biological field by the author31•32, and was modified into an
apparatus for precise and continuous recordings of rapidly changing humidity
in respiratory gases or in an anesthetic circuit.
Dewcel(~\ which is also an electric dew-point indicator, as previously men-
tioned, is completely different from these in principle and mechanism, and is
unsuitable for this purpose because of its slow response and varying temperature
characteristics.
There were only two methods previously reported for continuous recordings
of respiratory humidity, such as shown under B in the above classification.
One was developed by Verzar, Keith and Parchet (1953)33 and named "Q-hy-
grometer". This method depends upon the fact that the electric resistance of
certain hygroscopic salts, such as lithium chloride and polyacrylic acid sodium,
varies with their moisture saturation. The other was a thermoelectric micro-
psychrometer, consisting of dry and wet (constantan-nichrome) thermoelements,
and was used by Ingelstedt (1956)34. Both are methods of detecting relative
humidity instead of absolute humidity or dew point, and will be discussed later
in this paper.
PRINCIPLE AND ~TRUCTURE OF THE HYGROMETER
Fig. 1 is a block diagram which explains the basic mechanism of the auto-
matic D. P. hygrometer. Fig. 2 is a circuit diagram of the hygrometer, showing
its D. C. amplifier, high frequency oscillator and control system.
A photo-electric tube (7 or V9) receives an amount of light (11) directly from
a lamp as the light source (1 or L) through a slit (6 or S) which is for regulating
11' The other photo tube (5 or VlO) also receives an amount of light (12) from the
same light source by reflection from a small mirror (3), the surface of which is
exposed to a gas flow for hygrometry. When 12 is equal to 11, an electrical
equlibrium is established between both photo tubes.
The mirror is cooled from underneath through a cooling bar (9) on the
basis of the principle of heat conduction. In case the temperature of the mirror
(Tm) is lower than the dew point of the gas to be measured, the water vapor
in the exposed gas condenses as a mist or fine dew on the mirror surface, and
the light which reflects on it scatters. This means that 12 decreases and the
equilibrium breaks. An electric change thus incurred is amplified with electron-
tubes (V5 and Ye), and works to increase the high frequency oscillation of a
Hartley oscillator (V7). The mirror is attached to an iron body (10), which is
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Fig. 1. Block diagram of the dew-point hygrometer. CD Lamp, ®@ Lens,
® Mirror, ®® Photo tube, ® Slit, ® High frequency heating coil, ® Cooling
bar, @) Mirror (iron) body.
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Fig. 2. Circuit diagram of the dew-point hygrometer. VI 5Y3. V2 6X4.
Vs, V. VRBlllOhoo. V6 12AU7. Vo 12BH7. V7 6L6. Vs 6BQ5. Vi', VIoPTl7Vl.
surrounded with a high frequency heating coil (8). When a high frequency
current flows through the coil, an eddy current develops in the iron body and
works to heat it, and an elevation of Tm is brought about. As Tm gets closer
to Td, condensation of the water vapor on the mirror decreases and the elevation
of Tm slows down. Finally when Tm reaches Td,there is no further increase
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of dew on the mirror, a decrease of 12 stops, and the high frequency oscillation
remains the same. At this stage, the heating is equal to the cooling and stability
is acquired, keeping Tm equal to Td. Therefore, by means of measuring Tm
with a thermocouple, which is attached to the mirror, Td becomes known.
When Td is lower than Tm, the dew on the mirror decreases due to
evaporation, and Tm gradually comes down to Td, since the cooling surpasses
the heating. Finally when Tm equals Td, an equilibrium is attained. Thus, the
dew point can be read continuously.
Fig. 3 shows the structure of the mirror. A cooling bar (C), which is made
of copper, is connected at the top to a hollow mirror body (B) made of soft iron.
At the top of the mirror body, a small mirror (A), 5mm. in diameter and O.lmm.
thick, made of copper and plated with chromium, is attached. At the center of
the mirror, a copper-constantan thermocouple is installed to measure the temper-
ature of the mirror; i. e. the dew point of the exposed gas. Therefore, when
we connect the thermocouple to a milli-voltmeter or an electronic recorder, the
dew point is indicated directly and continuously.
B
8rrm
D
c
-..,
I
I
I
I
I
Fig. 3. Structure of mirror body. A: Mirror, B: Iron body, C: Cooling bar
D: Thermocouple, E: High frequency coil.
Fig. 4 is an outside view of the dew-point detecting part, when the mirror
is taken out of the detecting chamber. Ventilation of the gas to be measured in
the detecting chamber can be done by means of either insufflation or aspiration,
since the chamber is airtight. The photo-tubes have to be prevented from over-
heating, which can come from the heated detecting chamber nearby. The
reason for heating the detecting chamber is to prevent dew condensation on its
wall. The chamber is equipped with a window which has a magnifying lens,
through which the mirror can be observed continuously in order to adjust the
5
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condition of the dew. If the mirror becomes dirty, it can be cleaned from the
outside easily. Although we usually use a thermos flask containing freezing-
mixtures, such as ice water or dry ice-alcohol, other refrigeration devices can
be used for cooling the mirror.
APPARATUS AND METHOD FOR RESPIRATORY HYGROMETRY
Applying the automatic D. P. hygrometer for measuring humidity of
respiratory gases in various conditions, the author assembled all necessary
Dew· point
detecting chamber
1
Slit
H. F. cable
Cooling bar "
1
Slit adjuster
Mirror
Fig. 4. An outside view of the dew-point detecting part.
Fig. 5. An outside view of the apparatus for measuring humidity of
respiratory gases.
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equipment and accessories for a complete set as shown in Fig. 5. It is on a cart
with four wheels so that it can be moved with minimal difficuty. Fig. 6 is a
schematic diagram of the entire apparatus.
An anesthetic rubber mask or an endotracheal tube is used for continuous
sampling of expired air. A type of non-rebreathing valve, consisting of two one-
way valves (one of which takes in inspiratory gas and the other introduces only
Guide- tube l'.ull~r-tank
Thermocouple lor mea.uring bod y
or room temp.
A. C. lOOV
Fig. 6. Shematic diagram of the total apparatus.
expiratory gas into the guide-tube), is used for establishing a continuous flow of
gas in one-way passage including the hygrometer, such as shown in Fig. 6. At
the other end of the passage, another one-way valve is used for preventing a
back-flow. In this way, successive hygrometry can be performed on each phase
of respiration at the moment it passes through the dew-point detecting chamber,
without any intermixture of the outside gas. The total wall of the passage is
heated to between 40°C and 45 QC, so that dew condensation on the wall is
prevented. A gas flow, which results in the passage from respiration, is inter-
mittent. When the mirror is directly exposed to it, its influnce on the activity of
the hygrometer, multiplied by the time-lag and control-characteristics of the
hygrometer itself, sometimes interferes with following the dew point accurately.
This phenomenon, called "hunting", is related to the respiratory rate and
volume, and can be eliminated by the insertion of a buffer-tank or reservoir,
before reaching the hygrometer. A buffer-tank, in most instances, has a
capacity of approximately 150 ml. Sometimes, a smaller or larger tank,or
even no tank, was found adequate. The time-lag in the flow of gas before
reaching the hygrometer, via the guide-tube and buffer-tank, must be considered
in interpretation of the resulting curve. The intermixture of gas, which results
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from the process of swirling in the buffer-tank, influences the result, also.
When the apparatus is adequately adjusted, even with the guide-tube and
buffer-tank in place, the total response shows up well enough to differentiate
each phase of respiration on the dew-point curve. Therefore, it is all right to
have them adapted in the passage for routine use. Only in specific instances,
such as for the identification of detailed parts of a respiratory phase, a long guide-
tube and buffer-tank should be avoided, so that gas can be introduced directly
into the detecting chamber.
In order to begin a hygrometric measurement, adjustment of the slit for
regulating the light beam should be done first to get a photo-electric equilibrium
between both photo tubes. For practical use, it is important to make the slit
slightly narrower than in the first position at which the equilibrium state was
attained. False indication of the dew point, due to dew condensation under
lower pressure than the vapor pressure of real saturation, can therefore be
avoided. This phenomenon is caused by contamination of the mirror surface with
some unknown organic substances, which are contained in expired gas and tend
to stick to the cold mirror surface. When the contamination becomes intense
enough to disturb the correct indication of the dew point, the mirror must be
cleaned with clear water or lacquer thinner. The dew point of the respiratory
gas flow is thus detected automatically as the same as the temperature of the
mirror. This is measured by means of a thermocouple, and is continuously
recorded with an electronic recorder (Yokogawa ER-122, Shimadzu SAP-21 or
ARP-21 used).
In the case of measuring the dew point in hygrometry, simultaneous
thermometry of the same gas is quite important. The relative humidity can be
calculated from both. For this purpose, a thermocouple is provided in an anes·
thetic mask or endotracheal tube, so that the temperature of expiratory gases can
be measured in those places. Another thermocouple is equipped for measuring
the room or body temperature. The temperature of the nasal or oral mucosa is
compared with the temperature of the expired gas, because both are very closely
related, and is measured by means of direct application of a thermocouple. All
of the thermocouples are made of copper and constantan wires, the same as the
thermocouple for measuring the temperature of the mirror, i. e. dew point.
They are made by soldering a tip of constantan wire (diameter 0.149 mm) to an
uncovered tip of copper wire (diameter 0.3 mm). The junction is made as small
as possible in order to get a good response.
A hot wire anemometer is also connected to the same electronic recorder.
Thus, wind velocity, i. e. speed of the respiratory gas flow, is recorded
continuously, and respiratory status can be observed easily. The room tempera-
ture is determined by hanging a thermocouple in .still air, and simultaneous
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measurement with a mercury bulb thermometer is done for comparison. Hy-
grometery of the room air is performed by means of aspirating it into the dew-
point detecting chamber with negative pressure.
RESULTS OF MEASUREMENT
Details on performance of the automatic D. P. hygrometer were reported
previously.26-so The following statement will be limited only to important charac-
teristics for its application in the medical or biological field.
When measuring at a range of so-called normal temperature, the accuracy
of the hygrometer is within an error range of ±0.03 QC.27 It is not difficult to
differentiate 0.01 QC on the dew-point curv~ when a highly sensitive recorder
(e. g., ARP-21) is used for the indication. These show this device offers enough
precision and sensibility for respiratory hygrometry.
Concerning the time-response, it is shown that this device can respond to
very rapid changes in humidity. The time-lag due to activity of the hygrometer
is minimal (usually less than 0.1 sec.), since the successive change of humidity
in respiratory flow never exceeds a range of several degrees( QC) on the dew
point indication. The time-lag of an electronic recorder is also very small in the
same situation (approximately less than 0.5 sec.). Another factor which is
believed to influence the total response of the apparatus more than the above
two, is the efficiency of ventilation in the dew-point detecting chamber. This
depends upon the time for complete displacement of gas over the mirror with a
gas of another humidity, and is decided by correlating the capacity of the dew-
point detecting chamber and the amount of respiratory gas flow. Actually the
amount of respiratory gas flow is so great that it readily occupies the dew-point
detecting chamber, which is very small. Thus, the total time-lag of this device
is theoretically calculated to be less than one second, which is also demonstrated
experimentally.
When a guide-tube and/or buffer-tank are used for convenience of measure-
ment, their influence on the time-response and sensibility must be considered
very carefully. It was found possible to differentiate each phase of respiration in
a "panting" dog, breathing as quickly as approximately two hundred times a
minute, when the apparatus was adequately adjusted. Therefore, the total
response of the apparatus, even with the guide-tube and buffer-tank, is quite
good for routine purposes. If only the mean value is sought when the respiratory
status remains constant, their attachment is acceptable, and is even useful in the
leveling process. When the measurement is done at a time at which the respira-
tory staus is changing, the time-lag, due to the dead space occupied by them,
must be taken into consideration in the interpretation of the curve. For the
machine to have a higher degree of sensibility, less dead space in the passage
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before the hygrometer is preferable, as previously mentioned. Thus, each case
must be prepared adequately and differently, depending upon its purposes, and
careful attention must be paid to the interpretation of the results.
Another important factor in obtaining accuracy is correct calibration. All
of the thermocouples, including the one for hygrometry, were regularly
calibrated with the same instrument as that used for practical measurement.
The reliability of the electronic recorder was checked occasionally. The cali-
bration was done with a standard mercnry bulb thermometer in a thermostatic
bath of varying temperatures; i. e., in a range of O°C to 60°C, with intervals
of several degrees. The same experiment was repeated to obtain the correct mean
value each case. Special attension was given to maintaining the cold junctions
at the freezing point, to keeping the thermometer and thermocouples (hot
junctions) adjacent to each other, and maintaining the bath water at a uniform
temperature. The calibration curve is roughly linear within the range of 20°C
to 40°C. Even with such careful calibration, which was performed on the
thermocouples at each case, it was still found rather difficult to maintain the
accuracy of the reading within an error range of +0.1°C. While this error
range is much worse than the accuracy and sensibility which were mentioned
previously, it still represents an error of less than one per cent in the relative
humidity. Therefore, it was decided to arrange the results down to one decimal
point (QC).
Fig. 7 shows an experiment for checking the performance of the hygrome-
ter. (D) refers to the dew point, and (T) refers to the corresponding tempera-
ture; i. e. the temperature of water in the last bubbling tank of a saturator.
72°0
D
sloe
b
Time UOsec./d I v.)
Fig. 7. A characteristic curve of the D. P. hygrometer
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The saturator is composed of six bubbling tanks placed in a thermostatic bath.
After passing through these tanks, one after another, the gas becomes completely
saturated with water vapor. The fact that (D) and (T) are on the same level
indicates the accuracy of the dew point recording. At (a) the humidity of the
gas was suddenly decreased by mixing dry gas at the inlet of the hygrometer.
At (b) the previous state is regained by cutting off the mixture of dry gas. These
are done to show how the hygrometer responds at the moment of big dew point
change, which ranges over fifteen degrees centigrade, high to low and low to
high. At the former, the response is influenced mainly by cooling the mirror
and, at the latter, by heating. Because of poor cooling with ice water in a
thermos flask, the response at the former was shown to be slower than that at
the latter in this experiment. Such cases ;.rill never be encountered in the
practical measurement of respiratory humidity, since the successive change of
dew point is always much narrower.
Data from practical experimental use in the medical and biological fields
will be shown subsequently. An example will be presented to show what kind
of recordings are obtained with this apparatus. Fig. 8 shows recordings of the
dew point of a dog's expiratory air, whose respiratory rate varied between
sixteen to two hundred times a minute. The dog was anesthetized, intubated
c
a.p.
B
,woe
30 0 e
Temp. 20 0 e
A
lOoe
d. p.
ooe
T i me (I Osec ./div.)
Fig. 8. A dog (male, wt. 15.5kg·) was anesthetized with intravenous pento-
barbital and intubated orally with a cuffed tube. N. T. (temperature of nasal mucosa),
R. T. (temperature of respiratory gas in the endotracheal tube) and D. P. (dew point
of expired gas) were recorded at various respiratory rates; A: 16, B: 120 and C: 200
respirations per minute. Temp. (temperature---) and d. p. (dew point of the environ-
mental air) were also recorded.
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and heated to stimulate "panting" respiration. The temperatures of the nasal
mucosa, and of the gas in the endotracheal tube were simultaneously recorded.
Also, the temperature and dew point of the environmental air were recorded on
the same paper. It is obvious from this recording that the hygrometer responds
adequately to any quick change of humidity in respiratory gas flow.
DISCUSSION
This device makes it possible to obtain precise and continuous hygrometric
recordings of respiratory gas flow or gas flow in an anesthetic circuit. The
humidity is automatically recorded as a dew-point curve. If the temperature and
volume of respiratory gas are measured simultaneously, the dynamic relationship
between humidity and respiration can be studied from the results. Therefore, it
becomes clear how the humidity changes during respiration. This problem has
never been successfully investigated before. The only statements that appear in
most textbooks or articles on this subject are ones stating simply that expired air
is saturated, or close to be saturated, with water vapor. Now it has been found
that the humidity of expired gas always varies under the influence of factors
such as the temperature and humidity of inspired gas, the body temperature,
the respiratory rate and volume, the pulmonary function, etc. Relations of the
humidity to various pathologic states of lungs, or to anesthetic conditions are
still completely unknown. The efficiency of various humidifiers must also be
verified35• This device is believed to be useful for exploring such new problems
in medicine and biology.
Because of the nature of an automatic dew-point indicator, it may also
indicate the dew point of other gases in the same mixture. For example, the
vapors of volatile agents such as ether or alcohol condense on the cooled mirror
surface. When diethyl ether is used in an anesthetic circuit and its dew point
becomes higher than that of the v,rater vapor in the same circuit, dew formation
of ether on the mirror is inevitable. However, this will not happen clinically
because such a high concentration of ether is not used for anestheisa. The dew
point of 15 vol. per cent of ether is -10°C, and a higher concentration than this
is rarely necessary. On the other hand, 0.003 vol. per cent of water vapor has
a higher dew point than -10°C, and the moisture content of the prevailing gases
is much higher. All other anesthetic gases or agents are the same. The only
exceptions are in cases in which the hygrometer is used for the measurement of
anhydrous, or almost anhydrous, gases, such as oxygen from a tank, after
passing through highly efficient vaporizers. Experiments were done to check
how the hygrometer works in this case. It was found that the surface tensions
of volatile anesthetic agents are so small that their dews readily spread out on
the mirror surface without making a mist. Only the fine dew of water vapor,
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with high surface tension, can make the mirror cloudy. False indication of dew
point, due to the mixture of other gases, is practically impossible.
Attachment of the impurities in expired gases to the mirror surface can
disturb the correct dew-point indication of the hygrometer. When the mirror
becomes dirty, a small swab is used by hand for cleaning the mirror. An
attempt is being made to furnish an automatic wiper to the dew-point detecting
chamber.
Two devices for continuous recording of the relative humidity in respiratory
gases were mentioned previously. The Q-hygrometer by Verzar et al. 33, which
is based on the principle of the changing electric resistance of the hygroscopic
salts, is believed to have the following shortoomings: (1) impurities such as
vapors of organic substances or volatile agents in the gas for hygrometry affect
the performance of the hygrometer. (2) Difficulties of calibration, which must
be done for every temperature reading with standard gas samples of different
relative humidity. (3) Calibration must be repeated too frequently because the
performance of the hygrometer changes due to frequent use or after a lack of
use for several days. (4) Relatively slow response of the humidity-sensitive
material especially at the dehydrating process when the humidity changes from
high to low. Dunmore hygrometers, which Carlson mentioned36, belong to the
same group. The other device, a thermoelectric micro-psychrometer by
Ingelstede4 must have the same problems as mentioned in the first two above,
and must also suffer from rather inaccurate determinations at nearly saturated
humidity.
Since the automatic D. P. hygrometer has a mechanism of detecting dew
point, its performance is stable and unaffected by temperature. The calibration
is easy and reliable because it can be done simply through the use of a saturator.
A thermocouple, which is installed in the small mirror, correctly indicates the
temperature of the mirror; that is, the dew point. The mechanism with a small
heat capacity responds quickly. While a thermistor is a good instrument for
measuring temperature in general, it is not suitable here because it has poor
heat conductivity and is rather bulky with a large heat capacity. The reason
why all of the temperature measurements are done with the same kind of
copper-constantan thermocouples is because of the convenience of recording and
collating all the data with an electronic recorder.
The selection of an adequate cooling agent (e. g. ice water with or without
salt, or dry ice-alcohol) depends upon the range of dew point to be measured.
Rapid cooling of the mirror is required for a correct and prompt indication of
low temperature dew point. Adoption of thermo-electric cooling devices will
simplify the 0 peration greatly in the near future.
Careful attention must be paid to preventing mixture with outside gas,
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back-flowing in the passage, and dew formation on the wall of the passage
before the hygrometer. Also, adjustments of the slit, of the position of the
mirror, of the capacity of the buffer-tank, etc. are important factors to acquire
the best results.
SUMMARY
A photo tube dew-point hygrometer is used for measuring humidity of
respiratory gases, which are in varying conditions. It makes it possible to make
an accurate, precise, continuous and automatic recording of the dew point of
gas flows.
The most notable features of this device are: (1) Simplicity of calculating
absolute humidity, since the humidity is indicated with dew point. (2) Cali-
bration is easy and reliable. (3) Performance is stable, and its operation and
maintenance are simple. (4) Indication is correct and unaffected by temperature.
(5) There is good response to any quick changes in humidity. (6) There is
continuous and automatic recording of humidity, especially with simultaneous
temperature measurements on the same paper. (7) Impurities such as the vapors
of organic substances or volatile agents do not affect the performance. Simple
wiping can eliminate the disturbance from mirror contamination. (8) The entire
apparatus is on a cart and easily movable.
This device provides a new method of studying the functional relationship
between humidity and various respiratory states, and it is hoped it will
contribute much to physiological and clinical investigations. The principle and
structure of the "automatic D. P. hygrometer", the apparatus and method for
practical hygrometry and obtained results are described and discussed.
The author gratefully acknowledges the guidance of Pro£. Terutake SUNADA and Assistant
Pro£. Kunio SAKATE. He also expresses his appreciation to Dr. Bruce L. DOUGLAS for his help
in editing the final manuscript.
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